Summary.-Four human and 4 rat astrocytomata and mammalian adult brain and spinal cord were examined by indirect immunofluorescence with human serum containing smooth muscle antibody. Cryostat sections of astrocytomata showed staining of the tumour cell cytoplasm and processes while in normal adult brain and spinal cord the entire astrocyte stained. Impression film and tissue culture monolayers of astrocytomata showed staining of cell processes and a fine, filamentous network in the cell body. The reaction with astrocytoma tumour cells was stronger than that with the corresponding normal astrocytes. Specificity of the staining reaction was established by its prevention on neutralization absorptions of the serum with -extracts or homogeneous of smooth muscle. The presence of smooth muscle-associated antigen in astrocytes and astrocytomata is indicative of contractile protein providing a mechanism of cell movement in vivo.
SERUM firom patients with active chronic lhepatitis reacts with smooth mtiscle by indirect imm unofluorescence (Johnson, Holborow and Glynn, 1965 ; Iron,si(le, De Boer anid Nairn, 1966; Whittingham, Mackay and Irwin, 1966) . Huimani sera containing smooth muscle antibody (SMA) also reacts with a variety of normal, "non-muscular " cells (Gabbiacni et al., 1973; Biberfeld, Ftgraeus a(nd Lenkei, 1974) , lymphoblastoid cell linles (Fagraeus, Lidman and Biberfeld, 1 974) an,,d muscle (Pertschuk, 1975) and skin tlmours (Toh and Muller, 1975) . H[ctorologouis a-itisera raised against contractile proteins including actin, myosinl, meromyosin and tropomyosin give p)atterns of stainiing similar to that obtained with SMA serum with the reactionls abolislhed by absorption with the corresponding pLre antigen (Trenchev, Snieyd anid Holborow, 1974) . Antiserato actini and meromyosin have also been demonstrated to react with microfilaments ultrastructurally (Holborow et al., 1975) . These observations suggest that SMA serum contains a group of antibodies to antigenically related contractile proteins associated with microfilaments and validate its use as a marker for these proteins in tissues.
Microfilaments are implicated in a number of contractile cellular phenomena and have been demonstrated ultrastructurally in some neural tissues glial cells Luduena and Wessells, 1973) , the growth cone of neurite extension , foetal nerve cells (Fine and Bray, 1971 ) and neuroblastoma (Burton and Kirkland, 1972; Chang and Goldman, 1973 ). An actomyosin-like protein has also been isolated from brain synaptosomal fractions (Puszkin, Nicklas and Berl, 1972) and it is suggested that if may function in the release of transmitter material at synapse endings (Berl, Puszkin and Nicklas, 1973 and Preussman, 1966; Toh and Cauchi, 1974) . The tumours were excised from the rats 121-342 days after birth. Four human intracerebral astrocytomata were obtained from patients at craniotomy.
Fresh specimens of the above tissues were snap-frozen in isopentane-liquid nitrogen at -160C and examined for reactivity with SMA serum.
Tissue culture.-Tissue culture monolayers of astrocytomata were also prepared for immunofluorescence studies with SMA serum. Freshly obtained tumours were finely diced in 0-25% trypsin, incubated at 37°C for 30 min and the resulting cell suspensions washed twice in tissue culture medium 199 enriched with 10% foetal calf serum. The washed cells were resuspended in medium 199 containing 10% foetal calf serum at a concentration of 2-3 x 106 cells/ml; 20 ml of the cell suspension were then placed in 8 cm diameter Petri dishes containing 4-5 coverslips and grown in a humidified incubator at 37°C in 5% C02/9500 air.
The coverslip monolayers were examined for reactivity with SMA serum after 2-7 days in culture. Before testing, the coverslips were briefly washed twice in phosphate buffered saline, fixed in absolute acetone at 4°C for 5 min and air-dried (Whitehouse, Ferguson and Currie, 1974) .
Coverslip monolayers of rat embryonic lung fibroblasts and a human fibroblast cell line (MRC-5) were similarly prepared for immunofluorescent tests with SMA serum.
Impression films-.Impression films of astrocytomata were made by lightly touching the surface of clean glass slides with freshly cut tissues; these were air-dried, dipped in isopentane-liquid nitrogen at -160°C and examined for reactivity with SMA serum.
Histology.-Specimens of the various neural tissues were fixed in 10% phosphate buffered formalin and 6 pum paraffin sections were stained with haematoxylin and eosin or impregnated with silver by Cajal's and Bodian's technique to demonstrate astrocytes (Smith and Beesely, 1970) . Histologically, the astrocytomata were diagnosed by the criteria of Kernohan and Sayre (1952) .
The monolayer cultures of astrocytomata were fixed in 10% formalin and assessed cytologically (Lumsden, 1971) after staining with haematoxylin and eosin or silver impregnation.
Smooth mtscleantibody (SMA ) s,rum-. The characteristics of the serum have been described previously (Toh and Muller, 1975 After immunofluorescent staining, the microscopical preparations were examined by dark ground ultraviolet fluorescent microscopy using a condenser fitted with a toric lens beneath and a colourless barrier filter.
Specificity of the tests was established by failure to obtain staining with normal control serum or SMA neutralized by absorption with extracts or homogenates of smooth muscle from pig stomach .
RESULTS

Normal adult brain and spinal cord
Cryostat sections of adult rat cerebrum, cerebellum and spinal cord stained with SMA serum showed reactivity of the entire cell body and processes of astrocytes (Fig. 1) . The general morphology of the positively stained astrocytes is similar to that obtained by conventional staining with haematoxylin-eosin or silver impregnation. The endothelium and smooth muscle of cerebral blood vessels also reacted with SMA serum but neurons and myelin were negative.
The astrocytes of adult cerebrum and cerebellum of mouse, rabbit and sheep also showed similar staining reactions with SMA serum. Astrocytomata
Cryostat sections of human and rat astrocytomata stained with SMA serum showed bright fluorescence of the cytoplasm and fibre network of tumour astrocytes (Fig. 2. ) However, individual tumour cells could not be distinguished readily in these sections because of the interlacing fibres. SMA serum also reacted with the endothelium of new capillaries but the connective tissue accompanying these vessels was negative.
Impression films and tissue culture monolayers of human and rat astrocytomata showed staining of individual tumour astrocytes with SMA serum. The processes of these cells showed intense fluorescence (Fig. 3) and the cell body showed staining of a network of fine filamentous structures, some of which were orientated predominantly in the long axis of the cell (Fig. 4) . Reactivity with SMA serum was seen in a variety of morphologically distinct cell types including binucleate, multinucleate, unipolar and multipolar tumour cells (Fig. 5) . The cytology of these cells conforms to that described by Lumsden (1971) for tumour astrocytes cultured in vitro and their astrocytic nature was confirmed by impregnation with silver.
Fibroblasts contaminating tissue culture monolayers of astrocytomata were readily distinguished from tumour cells by their distinctive staining reaction with SMA serum. These cells showed staining of parallel bundles of filaments extending throughout the long axis of each cell ( was obtained with pure cultures of rat and human fibroblasts. Serum titrations Titrations of SMA serum give a titre of 1 in 64 for mammalian astrocytes, 1 in 128 for rat astrocytomata and 1 in 256 for human astrocytomata and cerebral blood vessels.
DISCUSSION
Immunofluorescent tests on cryostat sections of normal adult brain and spinal cord with SMA serum showed that astrocytes stained but neurons were negative. These observations are consistent with the ultrastructural studies of Spooner et at. (1971) and Luduena and Wessells (1973) , who demonstrated that while microfilaments are present in migratory glial cells in tissue culture they are absent in neuron cell bodies; microfilaments are present in neurons only in the region of axonal growth cones and within microspikes that protrude from the growth cone .
Cryostat sections of human and ENUinduced rat astrocytomata also showed immunofluorescent staining with SMA serum. However, staining of individual tumour cells and their processes was best seen in tissue culture monolayers. The staining of cell processes and of fine filamentous structures in the cell body of tumour astrocytes probably corresponds to microfilaments which have been demonstrated ultrastructurally in both human and ENU-induced rat astrocytomata (Sipe, Herman and Rubinstein, 1973; Sipe et al., 1975) . These filaments range from 6-5 to 1O nm in diameter and are often arranged in compact bundles.
Fibroblasts, either in pure cultures or contaminating tissue culture monolayers of astrocytomata, show a characteristic staining pattern with SMA serum. Paral-lel filamentous bundles span the long axis of fibroblasts; this staining reaction is similar to that obtained with rabbit antisera raised against actin from mouse fibroblasts (Lazarides and Weber, 1974) . The filaments demonstrated by immunofluorescence correspond to parallel arrays of submembranous bundles of microfilaments visualized by electron microscopy and phase contrast, Nomarski and polarized light optics (Goldman et al., 1975) .
In the present study, SMA serum also reacted with the endothelium of cerebral blood vessels and new capillaries in astrocytomata. Becker, Hardy and Dubin (1 974) have previously reported that rabbit antisera raised against actomyosin from human uterine muscle react with endothelial cells of blood vessels. They suggested that the size of gaps between endothelial cells of blood vessels may be controlled by the state of contraction or relaxation of these cells.
The presence of smooth muscle-associated antigen in astrocytes and astrocytomata is almost certainly associated with contractile protein thus providing a mechanism for cell movement in vivo. Normal astrocytes proliferate and undergo striking morphological changes following cerebral injury (Freide, 1962) associated with phagocytosis of the myelin sheaths and extravasated erythrocytes. Such reactive astrocytes show a dramatic increase in glial filaments (Lantos, 1974) .
The apparent increase of smooth muscle-associated antigen in tumour astrocytes warrants comment. We have postulated in the case of experimental skin tumours that the antigen may be associated with local tumour invasion. The antigen is increased in squamous cell carcinomata compared with benign tumours, and is confined to the advancing tumour edge and invasive cords of tumour cells (Toh and Muller, 1975 
